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Cell migration, formation of cellular protrusions (e.g. blebs, filopodia), and structural reorganization are important phenomena in cell
biology. Precise quantifications of movement/deformation are crucial to understand these processes at different levels of organization. We

Abstract apply computer vision methods for combined optical flow (OF) and multi-scale (MS) motion estimation of membrane translations, end
growing and protrusion formation in fluorescence microscopy images. For these cases we bound OF error and optimal sampling rate, in
order to guide biologists on their experimental conditions. We also show the advantages of OF methods compared with manual

Introduction segmentation and tracking.

A key question to quantify motion is to determine the Il. Numerical evaluation of OF methods and parameter selection for synthetic models

movement of each pixel...

In computer vision, methods to minimize f(u,v) have been

proposed assuming different constraints. From our model scenarios, we consider the case of tip growing or filopodia (Fig. 1c).

First, we use the error in the speed estimation to find an optimal parameters set when using OF methods (Fig. 2a),
and then we test the range of maximum speeds we were able to detect with OF (Fig. 2b).

A pixel’s motion is represented with a vector (u,v). Over an

image this forms a vector field.
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the search for the “best” movement of each pixel (u,v) pixel, Kp * (Ipu + Iyv + I;)* + a(|Vul® + [Vo]?). Figure 2. OF methods evaluation for model structures (sample).

can be formulated as a minimization problem for f(u,v), a) Parameter optimization (a) for CLG-OF method in the tip model (theoretical a shown in black).
b) Maximum detectable speeds.

f(% U) — I(% Y, 75) — 1(33 +u,y+v,t+ 1) = lu+ Iyv+ 1. c) OF for the tip model at different input speeds, measuring all of the described OF methods.

In order to apply OF methods in biological problems, it is important to know: Multi-scale CLG (MS-CLG) yields the largest range and lowest error: 12 pixels/frame, error < 1. pixel.

For instance, if a pixel corresponds to 0.04 [um] (63x objective), an accurate measurement for a movement of

(i) their limits (minimum/maximum speed, error), in order to correctly setup experimental conditions like sampling rate. 0.08 [um/s] requires at least 1 image acquired each 6 seconds.

(iif) how to estimate optimal method parameters.

lll. Application to microtubule tip growing (speed detection)

We propose how to address both questions in five cases that represent any cell deformation, as shown in the next section.
Microtubule network is highly dynamic and it has been shown that it has a typical growing speed due to the

underlying molecular mechanism.

Materials & Methods

Our goal is to verify that the tip speed can be retrieved using OF, and show the advantages of the technique
when compared with the standard technique of manually marking and measuring the displacement of each tip.

Microtubule tip segmentation approach:
* First, automatically segment microtubule tip using an intensity threshold on the images.
 Second, manual refinement leaving only the tips that appear in three consecutive frames.

We compare different speed estimation approaches for tip motion:

 Manual segmentation + standard tracking Imagel plug-in [6].
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* Automatic segmentation + OF with optimum parameters

+ standard tracking Imagel plug-in.

* Automatic segmentation
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Results Conclusion

MS-OF improves OF motion estimation range by a factor of three, and the performance of HS and CLG
methods are comparable at least in the case of tip growing. We quantify and bound OF error for
motion estimation in model structures. These results can be used directly to guide biologists in
defining experimental spatio-temporal sampling acquisition rates and parameter settings when using
OF for motion estimation and segmentation in time series.

We show that the parameters of the OF methods can be automatically tuned, in order to increase motion range
and precision. Next, we compare our OF results with standard methods used by biologists (like tracking) to
compute speed, upon manual and automatic segmentation.

|. Theoretical OF parameter

Ppﬁm!éﬁ,l?r?e%y step is the inversion of the 2x2 matrix, A. o is important in areas where o > 12 + 15, and thus its
The condition number(x) quantifies the upper bound error [5]. value should be equal to the gradient in the areas of

oract When compared with automatic tracking, OF shows to be less sensitive to parameters, and its
InNterest.

K os T T performance is comparable to manual segmentation and tracking performed by an expert.
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